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Abstract  21 
Production diseases are often of multi-factorial origin in which environment (housing, 22 
nutrition and management) health and reproductive challenges show complex 23 
interactions. The aim of this study was to identify specific environment-related factors 24 
and to discuss their associations with health, welfare and reproductive performance in 25 
sows and piglets, in diverse systems using data from 130 farms from five EU countries. 26 
Two sets of data were used: a) a questionnaire was developed for sows and piglets 27 
covering farm management, interventions and housing and b) farm production data 28 
covering various performance parameters. Eight parameters were further selected, 29 
four of which were related to sow reproductive performance (litter index, replacement 30 
rate, repeat breeding (i.e. failure to breed after one mating), weaning to first mating 31 
interval) and the remaining four to litter / piglet health performance (piglets born alive 32 
per litter, piglets born dead per litter, preweaning mortality rate and weaned piglets per 33 
litter). 34 
Univariable and multivariable linear models were employed to identify risk factors. 35 
Associations were considered significant if P ≤ 0.007 (a criterion of p≤0.05 corrected 36 
for the number of parameters tested). Various risk and protective factors were identified 37 
for each tested outcome variable. Country effects were included in all models as a fixed 38 
factor. Adjusted R-squared values for the multivariable models varied between 9.6% 39 
(preweaning mortality) and 66% (litter index).  40 
Litter index (litters/sow/year) was negatively associated with a higher weaning age of 41 
the piglets. Housing recently weaned sows to be inseminated in a separate unit from 42 
the gestation unit had a positive association with litter index. Repeat breeding was 43 
negatively associated with PRRS-free farms, farms that bred (raised) all gilts on the 44 
farm and farms that perform farrowing induction of sows. PRRS-free farms were also 45 
associated with a higher replacement rate.  46 
Farms that bred gilts on the farm and PRRS-free farms were negatively associated 47 
with preweaning mortality. Natural ventilation in the gestation unit was associated with 48 
fewer piglets born alive and with fewer weaned piglets. Closed type of farms was 49 
associated with less piglets born dead. The use of open box housing system for 50 
pregnant sows (provision of individual resting areas) was associated with more 51 
weaned piglets.  52 
In conclusion, several factors related to applying good farm and health management, 53 
and optimal housing conditions showed positive association with various sow and 54 
piglet performance parameters. Further studies will help to assess causal links for 55 
these factors.    56 
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1. Introduction 60 
Pig meat represents 9% of the total EU agricultural output and is the major type of 61 
meat produced in the EU-28 (Eurostat, 2015). Intensification of porcine farming in 62 
Europe has improved production performance (Rocadembosch et al., 2016; Eurostat, 63 
2017). Yet, challenges linked to this intensification have been described and have led 64 
to the introduction of the term “production diseases” to describe this phenomenon (Nir, 65 
2003; Clark et al., 2016). Such challenges include management, nutritional and 66 
reproductive-related diseases among others. These challenges have led all relevant 67 
stakeholders to systematically collect and monitor various production data. Farm data 68 
analysis could be used to maximize sow reproductive potential, herd productivity and 69 
stable output in breeding herds (Koketsu et al., 2017). Moreover, these data are very 70 
useful to identify which management factors are associated with reduced sow and 71 
piglet performance.  72 
Different risk factors for suboptimal sow performance have been identified. Sow farm 73 
housing has been associated with reproductive performance in breeding herds 74 
(Spoolder et al., 2009; Koketsu and Iida, 2017). Koketsu and Iida (2017) concluded 75 
that although no difference in the number of pigs born alive were reported between 76 
group housing and individual stall housing, more risk factors for poor reproductive 77 
performance were associated with group housing than stall housing (e.g. bedding).  78 
Apart from that, risk factors for suboptimal piglet performance have also been studied. 79 
Selection for increased litter size has been associated with more low-birth-weight 80 
piglets per litter (Milligan et al., 2002). Farrowing house management has been shown 81 
to significantly affect piglet mortality (Kirkden et al., 2013; Thomsson et al., 2016). For 82 
instance, proper management of farrowing induction (timing and dosage, close 83 
supervision) is shown to reduce piglet mortality (Decaluwe et al., 2012, Kirkden et al., 84 
2013).  Apart from that, an effect of the housing condition concerning lactating sows 85 
has been linked to piglet mortality. More specifically, the use of free-farrowing pens 86 
has been linked to increased piglet mortality when compared to the use of farrowing 87 
crates (Marchant et al, 2000, Hales et al., 2014). Yet, other studies did not find this 88 
association (Weber et al., 2007, KilBride et al., 2012). 89 
Farm management data have been used by several studies that have focused either 90 
on the perceptions and beliefs of farmers regarding animal health and animal welfare 91 
(Bock and van Huik, 2007; Alarcon et al., 2014; Laanen et al., 2014; Clark et al., 2016), 92 
or on performance parameters and their change due to certain interventions (e.g. 93 
biosecurity levels, antimicrobial use) (Ribbens et al., 2008; Van der Fels-Klerx et al., 94 
2011; Laanen et al., 2013; Postma et al., 2016a; Postma et al., 2016b). Furthermore, 95 
studies have focused on management factors affecting performance of fattening pigs 96 
at a regional level (Dewey et al., 1995; Maes et al., 2004; Agostini et al., 2014). Yet, 97 
there is scarce information on risk and protective factors for different sow and piglet 98 
performance parameters that have been investigated simultaneously and at a 99 
European level in pigs. The aim of this study was to identify these factors and quantify 100 
their effect on different sow and piglet performance parameters. To this end, datasets 101 
with performance data of sow farms from different EU countries with intensive 102 
production systems were used.  103 
2. Methods 104 
2.1. Data selection and collection 105 
Farms were selected by the locally assigned members of the Prohealth (hereafter 106 
called “the interviewers”) in order to provide a representative population of herds for 107 
each participating country. It must be noted that since no official data were available 108 
for all countries regarding the distribution of the farms with respect to their 109 
characteristics, these selections cannot be seen as truly representative of each 110 
country’s population. To partially remedy for that, the interviewers made use of the 111 
ProHealth’s extensive network to decide on the inclusion of a farm in this study so that 112 
the final sample would portray largely the traits of each participating country.  113 
For a farm to be included, a minimum population of 100 breeding sows was required 114 
(farm size ranged from 130 to 3200 breeding sows). Further inclusion criteria were the 115 
correctness and traceability of the provided performance data (i.e. the selected farms 116 
were to provide systematically collected performance data) and the active participation 117 
by the farmer (i.e. the selected farms were willing to collaborate). To goal was to collect 118 
data from at least 50 farms per country.  119 
Upon the farmers’ agreement to participate, information regarding the questionnaire 120 
was sent (on paper or electronically) and the personal information of each farmer was 121 
recorded. In order to fill in accurately the responses of the questionnaire and to collect 122 
performance parameters data, herds were visited once during the period from 123 
February to November 2016. Upon collection of the data, all personal information was 124 
removed from the subsequent databases and all data were treated anonymously to 125 
maintain confidentiality. 126 
 127 
2.1.1. Questionnaire data 128 
An anonymous web-based questionnaire was designed for the needs of this study and 129 
was disseminated to the interviewers involved in each country. A standardized protocol 130 
for the farm visit was developed by Ghent University based on discussion and 131 
consensus with the different project partners, including pig veterinarians and 132 
integrators. All interviewers employed for this study received a training to standardize 133 
the method for data collection through this protocol. Thus, a similar approach was 134 
employed throughout the participating countries allowing to grasp all necessary 135 
information and avoid any contextual misunderstandings.  136 
The questionnaire was structured into three main sections (Management, Disease 137 
Prevention, Housing) comprising of 69 main questions. The questions were assessed 138 
quantitatively (number of responses) and qualitatively (logical reasoning) concerning 139 
the dependent variables tested. The 24 most relevant and most answered questions 140 
were further considered and selected for the statistical analyses. After assessing the 141 
information provided, seven question items with multiple answers were dichotomized 142 
in order to test the most relevant association.  143 
2.1.2. Performance parameters 144 
Performance parameter data covering the two most recent years preceding the 145 
questionnaire survey (2014 – 2015) were obtained from high quality datasets held on 146 
farm or by integrators. These data were recorded on a monthly basis, except farms 147 
from one country that provided measurements mostly on a 3-monthly basis. For each 148 
farm, average values were calculated and used further in the statistical analyses. Per 149 
parameter, the average corresponded to the two year average value. Whenever 150 
needed, parameters were translated, and revised accordingly so that they were 151 
accurately describing the same condition for all countries. For some parameters (e.g. 152 
sow mortality, abortion rate) there was a considerable amount of missing data and 153 
hence they were excluded from the analysis. Eight parameters were further selected, 154 
four of which were more related to sow performance (litter index, replacement rate, 155 
repeat breeding rate, weaning to first mating interval). Litter index is the number of 156 
farrowings per sow per year, while replacement rate refers to the percentage of newly-157 
introduced sows in a farm to maintain the census. Repeat breeding rate refers to the 158 
percentage of sows failing to breed after one mating and weaning to first mating interval 159 
is the period (expressed in days) from the first day of post-weaning of a sow until the 160 
sow returns to heat. The remaining four parameters refer to litter / piglet performance 161 
(piglets born alive per litter, piglets born dead per litter, preweaning mortality rate and 162 
weaned piglets per litter). Preweaning mortality informs of the percentage of piglets 163 
born alive that die during the lactation period. 164 
 165 
2.2. Statistical analyses 166 
Initially, possible causal routes linking the questionnaire material and the included 167 
performance parameters were identified based on logical reasoning and focusing 168 
either on piglet health or sow performance. Linear models were employed to identify 169 
risk or protective factors taking into account the country-level effects. For each 170 
performance parameter (hereafter called the ‘dependent’ variable) all possible 171 
associations between this variable and the result from each question (hereafter called 172 
the ‘independent’ variable) were tested. When needed, dependent variables were 173 
transformed accordingly to meet the assumptions of linear regression (e.g. in the case 174 
of repeat breeding, a natural log transformation was used to transform the positively-175 
skewed dependent variable). Per model, the target p value was divided by the sum of 176 
the dependent variables tested in this study. Those variables with univariable p-values 177 
of < 0.025 (0.2/8 dependent variables tested) were retained for further analysis in a 178 
multivariable model. Subsequently, with univariable associations that were retained, a 179 
multivariable general linear model was constructed using the stepwise backward 180 
selection procedure, including testing of two-way interactions of significant main 181 
effects. We checked for confounding effects during modelling by evaluating changes 182 
in parameter estimates. The association was considered significant if p-value ≤0.007 183 
(approximating the criterion of 0.05/8 dependent variables tested). In other words, a 184 
Bonferroni correction was applied but the correction was limited to the pairwise 185 
comparisons within one level (e.g. an independent variable). Bonferroni correction for 186 
multiple testing did not consider all pairwise comparisons performed, as this was 187 
deemed a too strict criterion in relation to the needs of this study.   188 
The assumptions of normality and homogeneity of variance of the final model were 189 
tested by examining histograms, normal probability plots of residuals, and plots of 190 
studentized residuals versus predicted values. For independent variables, 191 
multicollinearity was checked initially via correlation matrix and when needed 192 
(correlation value >│0.65│ for a set of independent variables) the most significant 193 
variable was retained. In the final model, multicollinearity was also checked with the 194 
use of the Variance Inflation Factor. All cases were inspected for unusual points 195 
(outliers, leverage). Upon finding an outlier, the analysis was run both with and without 196 
the outlier. If the outlier was not influential for the results of the models, it was kept in 197 
the model and no further actions were performed. If the outlier was influential, both 198 
models were to be presented and discussed accordingly. Statistical analyses were 199 
performed using IBM SPSS version 24®, Armonk, New York. 200 
3. Results  201 
3.1. Descriptive results 202 
In total, 130 farms provided data either partially or fully for both datasets (questionnaire 203 
and performance parameters data). More specifically, data from 28 (Country A), 18 204 
(Country B), 26 (Country C), 25 (Country D) and 33 (Country E) farms were used in 205 
this study. 206 
Descriptive results from the questionnaire overall and per country are shown in 207 
appendix (Table S1).  An overview of the averaged performance parameters data was 208 
summarized by category (Table 1) and by country (Table S2).  209 
  210 
Table 1. Overview of averaged performance data for sows using data from five countries and 130 farms.  211 
 212 







of  farms 
Litter index 2.38 0.08 2.11 2.35 2.39 2.43 2.52 129 
Replacement rate (%) 42.57 11.90 10.58 36.20 44.43 48.65 73.30 124 
Reinseminations rate (%) 7.69 3.94 2.19 4.98 6.83 9.36 21.79 127 
Weaning to first mating interval 
(expressed in days) 
5.71 0.84 3.86 5.06 5.54 6.30 8.20 118 
Piglets born alive per litter 14.04 1.48 10.23 12.87 14.03 15.12 16.94 121 
Piglets born dead per litter 1.28 0.40 0.27 1.07 1.21 1.58 2.33 112 
Preweaning mortality (%) 13.88 3.01 6.80 11.90 14.10 15.80 21.45 125 
Weaned piglets per litter 12.00 1.23 9.10 11.11 11.97 12.82 14.97 129 
 213 
3.2. Associations between performance parameters and the results from the 214 
questionnaire 215 
Litter Index 216 
Six variables were found to be risk or protective factors for litter index during the 217 
univariate analysis, with most of them being related to housing concerning gestation 218 
(Table 2, Table S3). Two variables were retained as potential risk or protective factors 219 
in the multivariable model (Table 3). More specifically, increasing the average weaning 220 
age was negatively associated with litter index while the presence of a separate room 221 
for sows during the first weeks after insemination showed a positive association with 222 
litter index.  223 
Replacement rate 224 
Six variables were found to be risk or protective factors in the univariate analysis (Table 225 
2, Table S3). There was a statistically significant negative correlation (-0.78) between 226 
two independent variables namely “PRRS-free farms” and “Farms vaccinated for 227 
PRRS”.  The “Farms vaccinated for PRRS” variable was dropped and the model was 228 
rerun with five variables. Finally, two factors were retained in the multivariable model 229 
(Table 3). Farms that bred (raised) all gilts on the farm showed a positive association 230 
with replacement rate. Moreover, PRRS-free farms are expected to have a higher 231 
replacement rate.  232 
Repeat breeding rate (Re-inseminations)  233 
Ten variables were found to be risk or protective factors (Table 2, Table S3) by the 234 
univariate model. Again, a statistically significant negative correlation (-0.79) for 235 
“PRRS-free farms” and “Farms vaccinated for PRRS” was seen. “Farms vaccinated for 236 
PRRS” variable was dropped and the model was rerun with nine variables. Finally, 237 
three factors were retained in the multivariable model (Table 3). Repeat breeding rate 238 
was negatively associated with farms where farrowing induction is performed, with 239 
PRRS-free farms and with farms that provide a separate room for inseminations 240 
(weaned sows are housed separately from pregnant sows). 241 
Weaning to first mating interval (expressed in days) 242 
No significant associations were seen at a univariable level (Table 2, Table S3).  243 
Table 2. Results of univariable linear regression models regarding sow performance. The independent variables are denoted with superscripts either as binary (b) or continuous (c). For (b), 244 
existence of a condition was considered as a comparison level, whereas absence was considered as a baseline level. The independent variables are shown alongside with the number of farms 245 
that provided data (N), the unstandardized coefficients (B) and the p values (Sig.). Country effects are included in all models as a fixed factor. Each column corresponds to a different dependent 246 
variable. All associations with p values <0.025 (shown in bold) were included in multivariable models. The independent variables that are denoted with an asterisk are the variables that remained 247 
in the final multivariable models.   248 
 Litter Index Replacement rate Reinseminations % (log1) Weaning to insemination interval  
N B Sig. N B Sig. N B Sig N B Sig 
Are all the gilts bred on the farm? b 129 0.016 0.169 124 6.066 <0.001* 127 -0.255 0.005 118 -0.001 0.994 
When are the gilts inseminated for the first time (days)? b 124 <0.005 0.816 119 0.115 0.047 122 -0.004 0.252 118 0.002 0.735 
Farm SPF for M. hyopneumoniae? b 129 -0.008 0.629 124 1.649 0.493 127 -0.154 0.228 113 0.157 0.480 
Farm SPF for PRRS? b 129 0.001 0.945 124 5.561 0.010* 127 -0.345 0.003* 118 -0.001 0.997 
Farm SPF for APP ? b 129 -0.002 0.908 124 3.222 0.196 127 0.147 0.275 118 0.151 0.514 
Sows vaccinated for Influenza? b 129 0.003 0.800 124 -1.800 0.319 127 0.066 0.511 118 0.008 0.963 
Sows vaccinated for PRRS? b 129 -0.004 0.749 124 -5.181 0.015 127 0.428 <0.001 118 0.193 0.324 
How old is the interior design of the units? Farrowing Unit  c 
                                                                             Insemination Unit c 
                                                                             Gestation Unit c 
121 <0.005 0.691 120 -0.228 0.012 119 0.012 0.019 113 -0.007 0.454 
119 <0.005 0.713 118 -0.143 0.136 117 0.012 0.016 111 0.003 0.769 
118 -0.001 0.517 117 -0.340 0.005 116 0.016 0.008 111 0.003 0.786 
Natural ventilation in gestation unit? b 123 -0.048 0.002 120 -0.671 0.782 121 0.281 0.024 112 0.062 0.783 
Are the sows in the farrowing unit fed using manual system? b 127 -0.034 0.041 122 -1.655 0.508 125 0.220 0.096 116 -0.001 0.998 
How many times per day are sows fed in the farrowing unit? c 126 0.018 0.033 122 0.951 0.464 124 -0.154 0.022 115 -0.057 0.656 
What is the average weaning age of the piglets (in days)? c 125 -0.018 <0.001* 122 -0.056 0.899 123 0.035 0.143 116 0.009 0.823 
Are weaned sows housed separately before insemination? b 127 0.031 0.021* 123 3.888 0.047 125 -0.293 0.005* 116 0.041 0.831 
Are teaser boars present in the insemination room? b 126 -0.007 0.568 122 0.312 0.868 124 0.008 0.940 115 -0.117 0.513 
Is an open box group housing system used for pregnant sows? b 126 0.029 0.012 123 0.614 0.614 124 -0.131 0.148 115 0.161 0.331 
Gestation unit: Are these groups static (all in – all out)? b 125 0.029 0.057 122 2.149 0.328 123 -0.133 0.277 114 0.106 0.656 
Type of farm (piglets fattened on the farm)? b ǂ  129 -0.022 0.163 124 0.362 0.883 127 0.225 0.082 118 0.235 0.298 
Is the drinking water disinfected during the production cycle? b  124 0.003 0.822 120 1.285 0.583 122 0.110 0.356 113 0.003 0.988 
Is a dead animal found in the pen removed immediately and 
placed in storage? b 
124 -0.006 0.665 121 0.455 0.816 122 0.214 0.043 113 0.155 0.423 
Is a 1-week sow batch farrowing system used on the farm? b 128 0.027 0.038 123 -0.448 0.828 126 0.008 0.942 117 -0.110 0.565 
Is genetic selection for robustness considered important in the 
replacement gilt program? b 
117 -0.058 <0.001 113 5.588 0.017 115 0.248 0.065 108 0.142 0.570 
Is farrowing induction of sows performed?  b 126 0.036 0.003 123 3.019 0.109 124 -0.295 0.003* 115 0.024 0.899 
Is the manure/slurry from farrowing unit stored in a pit?  b 124 -0.039 0.065 121 -0.749 0.816 122 0.366 0.032 113 -0.217 0.492 
1: The natural logarithm was used to ease the interpretation of the results. Interpretation of the results: The dependent variable changes by 100*(coefficient B) percent for a one unit increase in 249 
the independent variable while all other variables in the model are held constant.         ǂ: The baseline level for this question is: sow breeding farm (piglets stay until weaning or until 10 weeks). 250 
Table 3. Final multivariable linear regression models (one model for each dependent variable studied) regarding sow performance. The independent variables are denoted with superscripts 251 
either as binary (b) or continuous (c). For (b), existence of a condition was considered as a comparison level, whereas absence was considered as a baseline level. The independent variables are 252 
shown alongside with the unstandardized coefficients (B), standard errors, p values (Sig.) and the Pearson’s rho and partial correlation coefficient. For each model, the number of farms that 253 
provided data for both the dependent and all independent variables, is presented in the far-right column. In all models, country was included as a fixed effect. 254 








Dependent variable Independent variable B   (adjusted R2)  
Model 1: litter index 
 
What is the average weaning age of the piglets (in days)? c -0.019 0.064 <0.001 67.9% 106 
Are the recently weaned sows housed separately before 
insemination? b 
-0.031 0.011 0.007 (66%)  
Country effect   <0.001   
Model 2: replacement 
rate 
Are all the gilts bred on the farm? b 6.207 1.724 <0.001 56.9% 107 
Does the farm have an SPF status for PRRS? b 6.159 2.028 0.003 (54.3%)  
Country effect   <0.001   
Model 3: repeat 
breeding rate (log1) 
Does the farm have an SPF status for PRRS? b -0.353 0.113 0.002 25% 109 
Are the recently weaned sows housed separately before 
insemination? b 
-0.301 0.100 0.003 (19.8%)  
Is farrowing induction of sows performed? b -0.281 0.095 0.004   
 Country effect   0.470   
Model 4: weaning to 
first mating interval 
Country effect   0.905 1.5%  117 
1: The natural logarithm was used to ease the interpretation of the results. The dependent variable changes by 100*(coefficient B) percent for a one unit increase in the independent variable 255 
while all other variables in the model are held constant.   256 
Preweaning mortality 257 
Three variables were found to be risk or protective factors (Table 4, Table S4). Two 258 
factors remained in the final multivariable model (Table 5). PRRS-free farms and farms 259 
that bred all gilts on the farm were both associated with lower rates of preweaning 260 
mortality. 261 
Piglets born alive per litter  262 
Univariably, six variables were found to be risk or protective factors (Table 4, Table 263 
S4) out of which two factors were retained in the multivariable model (Table 5). Both 264 
factors are linked to housing. An older interior design of the farrowing unit and the use 265 
of natural ventilation system in the gestation unit are both associated with fewer pigs 266 
born alive. 267 
Piglets born dead per litter 268 
Univariably, two variables were found to be risk or protective factors (Table 4, Table 269 
S4). For the multivariable model, an outlier case was identified (standardized residual 270 
value of 3.1) and it was kept in the analysis. Finally, one factor remained in the 271 
multivariable model (Table 5). A farm where piglets are fattened on the farm (single 272 
site farrow-to-finish farm) was associated with less piglets born dead.  273 
Weaned piglets per litter 274 
Univariably, four variables were found to be risk or protective factors (Table 4, Table 275 
S4). For the multivariable model, an outlier case was identified (standardized residual 276 
value of 3.8). The model was tested either with or without the outlier case and it was 277 
finally retained in the analysis. Two variables that focused on housing in the gestation 278 
unit remained in the final multivariable model (Table 5). A positive association was 279 
seen between the number of weaned sows per litter and the use of an open group 280 
housing system with individual resting areas for pregnant sows in the gestation unit 281 
(compared to no individual resting areas). The use of natural ventilation in the gestation 282 
unit was associated with fewer weaned piglets per litter.283 
Table 4. Results of univariable linear regression models regarding piglet performance. The independent variables are denoted with superscripts either as binary (b) or continuous (c). For (b), 284 
existence of a condition was considered as a comparison level, whereas absence was considered as a baseline level. The independent variables are shown alongside with the number of farms 285 
that provided data (N), the unstandardized coefficients (B) and the p values (Sig.). Country effects are included in all models as a fixed factor. Each column corresponds to a different dependent 286 
variable. All associations with p values <0.025 (shown in bold) were included in multivariable models. The independent variables that are denoted with an asterisk are the variables that 287 
remained in the final multivariable models.   288 
 Preweaning mortality Piglet born alive per litter Piglets born dead per litter Weaned piglets per litter  
N B Sig N B Sig. N B Sig. N B Sig 
Are all the gilts bred (raised) on the farm? b 125 -1.352 0.015* 121 -0.195 0.355 112 -0.124 0.080 130 0.000 0.998 
When are the gilts inseminated for the first time (days)? c 120 0.010 0.604 116 0.002 0.780 107 -0.002 0.349 125 <0.001 0.988 
Does the farm has an SPF status for M. hyopneumoniae? b 125 -0.241 0.758 121 -0.172 0.549 112 0.036 0.709 130 -0.072 0.753 
Does the farm has an SPF status for PRRS? b 125 -1.719 0.014* 121 0.319 0.234 112 0.133 0.141 130 0.319 0.130 
Does the farm has an SPF status for APP ? b 125 0.473 0.564 121 0.045 0.887 112 0.016 0.877 130 0.041 0.863 
Are the sows vaccinated against Influenza? b 125 -0.652 0.277 121 -0.044 0.845 112 -0.053 0.486 130 0.158 0.356 
Are the sows vaccinated against PRRS? b 125 0.331 0.624 121 -0.527 0.036 112 -0.205 0.016 130 -0.217 -0.608 
How old is the interior design of the units? Farrowing Unit  c 
                                                                             Insemination Unit c 
                                                                             Gestation Unit c 
117 -0.003 0.916 114 -0.036 0.002* 107 -0.003 0.486 122 -0.022 0.016 
115 -0.018 0.570 113 -0.030 0.018 107 0.003 0.476 120 -0.011 0.233 
114 -0.071 0.078 112 -0.044 0.003 107 -6.000 0.200 119 -0.026 0.026 
Natural ventilation in gestation unit? b 119 0.818 0.282 115 -0.977 0.001* 107 -0.179 0.056 124 -0.796 <0.001* 
Are the sows in the farrowing unit fed using manual system? b 123 -0.098 0.903 119 -0.597 0.041 110 -0.055 0.590 128 -0.445 0.056 
How many times per day are sows fed in the farrowing unit? c 122 0.357 0.357 118 0.276 0.073 109 -0.002 0.976 127 0.266 0.027 
What is the average weaning age of the piglets (in days)? c 122 0.139 0.338 117 -0.071 0.193 109 0.004 0.806 126 -0.072 0.093 
Are weaned sows housed separately before insemination? b 123 -0.410 0.533 119 0.512 0.037 110 0.030 0.703 128 0.317 0.093 
Are teaser boars present in the insemination room? b 122 -1.126 0.073 118 -0.273 0.249 109 0.016 0.834 127 -0.022 0.901 
Is an open box group housing system used for pregnant sows? b 122 -0.759 0.181 118 0.405 0.060 109 0.040 0.575 127 0.433 0.008* 
Gestation unit: Are these groups static (all in – all out)? b 121 -1.036 0.171 117 0.215 0.472 108 0.062 0.531 126 0.261 0.225 
Type of farm? (piglets fattened on the farm)? b ǂ 125 0.469 0.545 121 -0.613 0.030 112 -0.237 0.011* 130 -0.296 0.200 
Is the drinking water disinfected during the production cycle? b 120 1.721 0.023 116 0.279 0.315 107 0.014 0.884 125 0.091 0.669 
Is a dead animal -found in the pen- removed immediately and 
placed in storage? b 
120 -0.863 0.200 117 -0.079 0.751 107 -0.184 0.028 125 0.018 0.925 
Is a 1-week sow batch farrowing system used on the farm? b 120 0.240 0.719 120 -0.341 0.162 111 -0.024 0.762 129 -0.164 0.381 
Is genetic selection for robustness (resistance against diseases) 
considered important in the replacement gilt program? b 
114 -1.460 0.071 112 -0.808 0.008 102 -0.158 0.137 118 -0.481 0.037 
Is farrowing induction of sows performed? b 122 -0.373 0.555 118 0.634 0.006 110 0.100 0.190 127 0.480 0.005 
Is the manure/slurry from farrowing unit stored in a pit? b 120 1.096 0.331 116 -0.295 0.474 108 0.095 0.449 125 -0.256 0.396 
ǂ: The baseline level for this question is: sow breeding farm (piglets stay until weaning or until 10 weeks). 289 
Table 5. Final multivariable linear regression models (one model for each dependent variable studied) regarding piglet/litter performance. The independent variables are denoted with superscripts 290 
either as binary (b) or continuous (c). For (b), existence of a condition was considered as a comparison level, whereas absence was considered as a baseline level. The independent variables are 291 
shown alongside with the unstandardized coefficients (B), standard errors, p values (Sig.) and the Pearson’s rho and partial correlation coefficient. For each model, the number of farms that 292 
provided data for both the dependent and all independent variables, is presented in the far-right column. In all models, country was included as a fixed effect. 293 
Dependent variable  Unstandardized 
Coefficients 








Are all the gilts bred on the farm? b -1.498 0.547 0.007 14.2% 120 
Does the farm has an SPF status for PRRS? b -1.946 0.682 0.005 (9.6%)  
Country effect   0.488   
Model 6: piglets 
born alive per litter  
How old is the interior design of the farrowing unit? c -0.033 0.011 0.005 59.7% 99 
Natural ventilation in gestation unit  b -0.960 0.279 0.001 (57.1)  
Country effect   <0.001   
Model 7: piglets 
born dead per litter  
Type of farm (piglets fattened on the farm)? b ǂ -0.217 0.080 0.002 30% 111 
Country effect   <0.001 (26.7%)  
Model 8: weaned 
piglets per litter 
Natural ventilation in gestation unit b -0.799 0.203 <0.001 62.6% 117 
Open box group housing system (individual resting 
areas) used for the pregnant sows b 
0.486 0.150 0.002 (60.6%)  
Country effect   <0.001   
ǂ: The baseline level for this question is: sow breeding farm (piglets stay until weaning or until 10 weeks).294 
4. Discussion  295 
This study identified risk and protective factors associated with specific health, welfare 296 
and reproductive performance indicators in pig herds. We used both a questionnaire 297 
and a farm data based approach to address our objective. The data were collected 298 
from 130 farms across Europe. All these farms were associated with conventional pig 299 
breeding and rearing, although there were some differences between countries, which 300 
were accounted for in the analysis. 301 
4.1. Sow-related performance parameters 302 
One of the major components of litter index is lactation length (Abell et al., 2013). In a 303 
simplistic approach, farms that opt out for a higher weaning age of the piglets are 304 
expected to have a lower litter index. However, early weaning systems (weaning when 305 
piglets are 10-20 days old) have been negatively linked with the reproductive 306 
performance of lactating sows (Koketsu et al., 1998). It must be noted that in our study 307 
this could not be evaluated as all farms had an lactation length of at least 20 days and 308 
overall the mean lactation length was approximately 26 days. Furthermore, there is a 309 
concern that sows with increased lactation length can lose too much of their body 310 
reserves due to high milk yields, and so they may have prolonged weaning to first 311 
mating interval and lower farrowing rates (Koketsu et al., 2017). Thus, such farms that 312 
opt out for a higher weaning age of the piglets increase the non-productive sow days 313 
and –in agreement with the findings of this study- are associated with a lower litter 314 
index. Apart from that, litter index was positively associated  when recently weaned 315 
sows were housed separately from pregnant sows in order to be inseminated. The 316 
latter was also associated with a reduced repeat breeding rate. The aggression which 317 
occurs during mixing does result in physiological stress responses, and such 318 
responses can have detrimental effects on reproductive parameters, especially at a 319 
critical time in the reproductive cycle, such as the period of implantation (Arey and 320 
Edwards, 1998). Thus, it is recommended to move weaned sows to the same room or 321 
barn with the pregnant sows only after embryo implantation has been complete 322 
(Stevens et al., 2015; Peltoniemi et al., 2016). Providing a separate housing unit for 323 
insemination ensures a less stressful environment for the weaned piglets and the 324 
pregnant sows as well (Koketsu and Iida, 2017). Moreover, it enables the animal 325 
caretakers to easier monitor for oestrus during the first weeks after insemination as the 326 
majority of returns to oestrus occurs during that time (Iida and Koketsu, 2013). As 327 
shown, the effect of repeat breeding in subsequent reproductive performance is more 328 
pronounced in the gilts than the sows (Vargas et al., 2009). As a result, the findings 329 
from our study stress the need for including housing -besides other contributing 330 
factors- when assessing causal links to factors such as litter index or repeat breeding 331 
rate.   332 
In our study, farrowing induction was negatively associated with the repeat breeding 333 
rate. Farrowing induction is mainly used to reduce the variability of gestation length 334 
and to allow for close supervision of the farrowing process (Decaluwe et al., 2012). 335 
Moreover, this close supervision is expected to reduce the duration of parturition 336 
(Decaluwé et al., 2014). When studying the effect of duration of farrowing on 337 
subsequent repeat breeding rate, sows with longer duration of farrowing were 338 
associated with higher repeat breeding rate at the first insemination after weaning 339 
(Oliviero et al., 2013).  340 
Both strategies used to combat PRRS (PRRS-free farms, PRRS sow vaccinations) 341 
resulted in significant differences to replacement rate and repeat breeding rate. Here 342 
the latter strategy was removed from the analysis due to the high negative correlation 343 
between the two parameters. PRRS-free farms were negatively associated with the 344 
repeat breeding rate and with preweaning mortality. Besides the obvious beneficial 345 
effect of the absence of PRRS, the strict rules on biosecurity and health control in SPF 346 
farms is expected to play a role in both associations (Backhans et al., 2016; Antunes 347 
et al., 2017). The replacement rate was higher in PRRS-free farms. Such farms are 348 
expected to follow strict measures, including the rigorous elimination of any sows that 349 
underperform (McCaw, 2000). As a result, more sows are expected to be replaced 350 
(Corzo et al., 2010).  351 
Replacement rate is viewed as the combined result of unplanned removals on the one 352 
hand and more economically-based decisions on the other to increase productivity 353 
(Dijkhuizen et al., 1989). This makes replacement rate a not so straightforward 354 
parameter to indicate production problems. Apart from PRRS-free farms, a higher 355 
replacement rate and a lower preweaning mortality rate was seen on farms where all 356 
breeding gilts were bred on the farm. An explanation for the lower mortality could be 357 
that these gilts are longer and better exposed to farm specific microorganisms (e.g. 358 
Mycoplasma hyopneumoniae, PRRS) when compared to introduced gilts, especially 359 
when there is a short acclimatization period. Due to the considerable differences 360 
between gilts and the older sows, farms where breeding gilts were raised on the farm 361 
are expected to have separate units to raise breeding gilts usually allowing these farms 362 
to have a large pool of replacement gilts (Safranski, 2016). First, a breeding gilt may 363 
be considered less expensive by the farmer. Also, opting out for a higher replacement 364 
rate is not considered as such a high biosecurity risk compared to the purchase of 365 
breeding gilts. These aspects may explain the higher replacement rate in these farms 366 
(Williams et al., 2005).  367 
Farms that breed all gilts at the farm were associated also with a lower preweaning 368 
mortality. A large pool of replacement gilts is expected to help meet breeding targets 369 
(Safranski, 2016). The farmer can carefully select gilts within the farm (avoid 370 
transportation stress) to replace the older sows by closely monitoring various physical 371 
attributes (e.g. number of productive nipples, leg soundness). Such gilts are expected 372 
to better feed (sufficient colostrum or milk) and nurture piglets and hence result in a 373 
lower preweaning mortality (Sultana et al., 2017).  374 
4.2. Piglet-related performance parameters 375 
The parameters that had significant associations with preweaning mortality rates were 376 
discussed in the previous paragraph. Regarding the infrastructure of the farm, the 377 
newer the design of the farrowing unit, the higher the number of piglets born alive per 378 
litter is expected to be. New buildings are likely to be better equipped to accomplish 379 
the needs for high standards of management, housing and biosecurity (Andres and 380 
Davies, 2015). Moreover, older farms were identified by pig farmers as an obstacle for 381 
taking measures in disease prevention (Laanen et al., 2014). 382 
Mechanical ventilation in gestation unit was associated with more piglets born alive 383 
and accordingly with more weaned piglets per litter compared to gestation units that 384 
operate with natural ventilation systems. This could be attributed to the better air quality 385 
(lower humidity levels and less gaseous contaminants) found in mechanically-386 
ventilated units (Saha et al., 2010; Agostini et al., 2014). Many studies, mainly in 387 
tropical environments, have suggested the negative effects of increased humidity in 388 
gestation stables on the number of piglets born alive (Tantasuparuk et al., 2000; 389 
Tummaruk et al., 2004; Suriyasomboon et al., 2006). 390 
The number of stillborn piglets has been associated with several non-infectious factors  391 
with parity and litter size being of primary importance (Vanderhaeghe et al., 2013; 392 
Pandolfi et al., 2017). In our study, breeding farms were shown to be associated with 393 
more stillborn piglets. This could be attributed to the bigger litter sizes that were found 394 
on average in breeding farms. In accordance, it has been shown that the number and 395 
the probability of stillbirth increased in piglets from large (>15 piglets) litters (Canario 396 
et al., 2006).  397 
In accordance with the EU animal welfare requirements that were introduced via 398 
various EU Directives (91/630/EEC, 2001/88/EC, 2001/93/EC), group housing in sow 399 
farms became mandatory since 2013 (Maes et al., 2016). To reduce aggressiveness, 400 
lameness incidents and stress of the pregnant sows, the presence of individual resting 401 
areas in these units has been proposed with beneficial results (Verdon et al., 2015; 402 
Peltoniemi et al., 2016). In our study, when individual resting areas were used in the 403 
gestation unit, this was found to be positively associated with the number of weaned 404 
piglets per litter. The provision of individual resting areas are expected to result in less 405 
aggression incidents and fights among the animals. These animals are expected to 406 
show lower levels of stress. It has been shown that increased maternal stress during 407 
late gestation can affect the immune system of the piglets hampering its ability to react 408 
against infections during the suckling period and around weaning (Couret et al., 2009).  409 
4.3. Study limitations and remarks  410 
Our target was to analyze a sample that was representative of the population (Pandolfi 411 
et al., 2018). However, no official data or relative publications were available for all 412 
countries regarding the distribution of the farms with respect to their characteristics. To 413 
counter this limitation, a selection of farms based on their characteristics was 414 
performed after extensive consulting with several stakeholders. Thus, although these 415 
selections cannot be seen as truly representative, the farms were still considered as 416 
representative for each country’s pig sector. Despite the effort by all interviewers to 417 
gather the questionnaire and the performance parameters data, no country met the 418 
target to provide sufficient data from 50 farms. Thus, compared to what was expected, 419 
the “response rate” (farms providing sufficient data for both datasets) ranged from as 420 
low as 36% (Country B) to 66% (Country E). Although not compared with official 421 
national data regarding the population of farms per type, the selected farms were still 422 
able to portray the general farm traits of each participating country. The latter was 423 
assessed by the interviewers of each participating country after reviewing the 424 
respective data. Yet, as the farms that finally participated in the study were lower than 425 
needed to ensure representativeness, the results should be extrapolated with 426 
additional caution to a population level for these five countries and –by all means- with 427 
a greater caution to a more general level.  428 
The size of the questionnaire and the nature of some questions (semi-open or open) 429 
resulted in many farmers failing to answer all items found in the questionnaire. The 430 
presence of missing values might impair the data quality and the ability to conduct 431 
analysis with the data available. However, for the most relevant questions that 432 
contained a sufficient number of responses, the data were further processed. The 433 
questionnaire was designed in order to minimize recall bias and focused on present 434 
situation while all technical information that required data from the two previous years 435 
was systematically collected. Interviewer bias cannot be excluded as different 436 
interviewers were assigned per country, although common guidelines were laid before 437 
the start of the interviews. Respondent bias cannot be excluded as the people willing 438 
to answer questionnaires and provide technical information over their farms are 439 
expected to positively affect the responses regarding management and disease 440 
prevention strategies.  441 
Overall, the questionnaire allowed to portray several general and more specific (e.g. 442 
farrowing unit) management traits of farmers.  Data from five EU countries with a 443 
geographical range from south to the north of Europe were included. The effects 444 
attributed per country were included in this study as a fixed factor as has been the case 445 
with other studies (Postma et al., 2016a; Van Limbergen et al., 2017). Thus, the 446 
variation or the clustering due to country was taken into account. This allowed us to 447 
evaluate differences between countries in management practices. To avoid additional 448 
complexity, the current analyses did not delve into how these country-level differences 449 
in some management practices are influencing each production parameter. Due to the 450 
multiple number of variables assessed, a lower p value was assigned to indicate a 451 
significant difference.  452 
The present study is a cross-sectional study and as such any associations cannot be 453 
readily extrapolated in causal relationships. Yet, these associations could form a basis 454 
to further explore with more studies that will allow to better assess the causal links of 455 
management, housing and production diseases. Moreover, such findings could be 456 
employed to produce improvement strategies at a European level by estimating the 457 
benefit or cost of various interventions in porcine farm management. 458 
Conclusions 459 
At a supranational level, factors relating to management and housing were found to 460 
have a significant effect on various sow and piglet performance parameters. 461 
Multivariable statistical analyses ensure a better understanding of the multifactorial 462 
nature of production diseases in pigs.  463 
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  608 
Table S1. Below is the part of the questionnaire that was selected for the needs of this study. An overview of the 609 
results from the questionnaire was summarized by category and country. In 5 questions with numerical answers, 610 
the mean values alongside with the standard deviation are provided.  611 









Country D Country 
E Total 
Responses      n 
What is the type of 
farm? 
Breeding farm 01 8a 3b 01 14a 25 
Closed farm 281 10a 23b 251 19a 105 
Is the drinking water 
disinfected during the 
production cycle? 
No 4a 1a 18b 5a 5a 33 
Yes 23a 17a 7b 18a 27a 92 
When a dead animal is 
present in the pens, this 
animal is 
Removed later in the day 8a 181 10a 3a 11a 50 
Removed immediately 18a 01 14a 21a 22a 75 
What type of sow batch 
farrowing system is used 
on the farm? 
Any system with 2 weeks 
or more 
23a 5b,c 20a 3b 20a,c 71 
1 week system 5a 13b,c 5a 22b 13a,c 58 









Country D Country 
E Total 
Responses      n 
How important is genetic 
selection for robustness 
(resistance against 
diseases) in your 
replacement gilt 
program 
Of lesser importance 17a 181 15a,b 4b 01 54 
Important 10a 01 9a,b 12b 331 64 
 614 









Country D Country 
E Total 
Responses      n 
Are all the gilts bred on 
the farm? 
No 15a 15a 12a 11a 20a 73 
Yes 13a 3a 14a 14a 13a 57 







Country C Country D Country 
E Total 
Responses      n 
Does the farm have a 
SPF status for M. 
hyopneumoniae? 
No 27a 12b,c 24a,b 251 19c 107 
Yes 1a 6b,c 2a,b 01 14c 23 
Does the farm have a 
SPF status for PRRS? 
No 26a 5b 22a 24a 16b 93 
Yes 2a 13b 4a 1a 17b 37 
Does the farm have a 
SPF status for APP? 
No 281 6a 25b 24b 21a 104 
Yes 01 12a 1b 1b 12a 26 
Are the sows vaccinated 
against Influenza? 
Any system with 2 weeks 
or more 
12a 11a,b 17a,b 15a,b 29b 84 
1 week system 16a 7a,b 9a,b 10a,b 4b 46 
Are the sows vaccinated 
against PRRS? 
No 5a 16b 8a,c 1a 21b,c 51 
Yes 23a 2b 18a,c 24a 12b,c 79 
No 11a,b 181 4a 10a,b 20b 63 
Is farrowing induction of 
sows performed 
Yes 17a,b 01 19a 15a,b 13b 64 
 617 







Country C Country D Country 
E Total 
Responses      n 
Ventilation in gestation unit? 
 
Mechanical 12a 11a.b 17a.b 15a.b 29b 84 
Natural 16a 7a.b 9a.b 10a.b 4b 46 
How is the manure/ slurry stored at 
the fattening unit? 
Deep litter  4a 01 01 3a 31b 38 








Mean (SD) Mean 
(SD) 
n 
How old is the interior design of the 












How old is the interior design of the 












How old is the interior design of the 



















Country C Country D Country 
E Total 
Responses      n 
Are the sows in the farrowing unit 
fed using manual or automated 
system 
Automated 15a 181 20a.b 251 28b 106 








Mean (SD) Mean 
(SD) 
n 
How many times per day are sows fed in the 
farrowing unit 
2.6a 3.4b 2.7a 2.3a 2.7a 122 
What is the average weaning age of the piglets (in 
days)  
22.6a 30.4b 26.1c 26c 26.5c 120 









Country D Country 
E Total 
Responses      n 
Are the (recently 
weaned) sows housed 
separately (i.e. Not in 
the same room as the 
pregnant sows) to be 
inseminated 
No, the insemination 
unit is a part of the 
gestation unit 
8a,b 4a,b 2a 4a 19b 37 
Yes 20a,b 14a,b 23a 21a 13b 91 
Are teaser boars present 
in the insemination 
room 
No 9a 8a 4a 10a 5a 36 
Yes 19a 10a 20a 15a 27a 91 
I. Gestation Unit Housing 621 
Questions 
 Country A Country B Country C Country D Country E Total 
Responses      n 
What type of group 
housing system is used 
for the pregnant sows 
Group pen (no individual 
resting areas) 
9a 13a 17a 14a 17a 70 
Open box system 
(individual resting areas) 
19a 5a 7a 11a 15a 57 
Are these groups static 
(all in – all out) or 
dynamic (animals are 
added and taken out) 
Dynamic 2a.b 7a 6a.b 6a.b 2b 23 
Static 26a.b 10a 18a.b 19a.b 30b 103 
 Note: Values in the same row and subtable not sharing the same subscript are significantly different at p< .05 in the two-sided test 
of equality for column means. Cells with no subscript are not included in the test. Tests assume equal variances. Tests are adjusted 
for all pairwise comparisons within a row of each innermost subtable using the Bonferroni correction. 
622 
Table S2.  Descriptive results (mean, standard deviation, minimum, maximum and number of farms) of various performance parameters tested by country.   623 
 Country A Country B Country C Country D Country E 
 Mean SD Min Max  N Mean SD Min Max  N Mean SD Min Max  N Mean SD Min Max  N Mean SD Min Max  N 
litter index 2.40a.c 0.08 2.11 2.50 28 2.26b 0.06 2.14 2.33 18 2.38a.c 0.07 2.22 2.50 25 2.38a 0.04 2.30 2.44 25 2.43c 0.05 2.35 2.52 33 
replacement rate 50.70a 11.26 21.90 73.30 28 25.49b 7.59 17.08 46.30 18 40.30c 6.73 25.00 50.80 21 45.79a.c 8.99 21.00 63.00 25 44.06a.c 9.18 10.58 63.27 32 
%reinseminations 8.13a 5.07 2.42 21.79 28 5.80a 2.54 2.42 13.49 18 8.42a 4.46 2.71 18.68 23 8.00a 3.19 4.00 17.10 25 7.62a 3.49 2.19 16.64 33 
interval weaning to insemination 5.77a 0.97 4.15 7.89 28 5.77a 0.71 4.83 7.27 18 5.51a 1.07 3.86 7.73 19 5.62a 0.52 4.75 6.60 20 5.78a 0.82 4.25 8.20 33 
alive born piglets per litter 14.26a 1.45 10.23 16.84 28 16.05b 0.52 14.83 16.94 18 13.64a.c 1.11 11.75 16.40 26 14.35a 0.61 13.30 15.40 16 12.93c 1.16 10.79 16.50 33 
dead born piglets per litter 1.26a 0.43 0.46 2.33 28 1.68b 0.35 0.70 2.20 18 1.04a 0.34 0.27 1.61 17 1.15a 0.25 0.77 1.60 16 1.28a 0.34 0.65 2.16 33 
preweaning mortality 14.04a 3.29 7.35 21.45 28 14.36a 2.83 9.41 19.70 18 14.67a 3.23 7.70 20.22 25 13.60a 2.78 6.80 19.00 21 13.09a 2.78 8.29 19.67 33 
weaned piglets per litter 12.15a.c 1.27 9.10 14.04 28 13.78b 0.63 12.82 14.97 18 11.49a.d 0.94 9.74 14.15 25 12.34c 0.55 11.21 13.70 25 11.03d 0.71 9.46 12.52 33 
Note: Values in the same row and subtable not sharing the same subscript are significantly different at p< .05 in the two-sided test of 
equality for column means. Cells with no subscript are not included in the test. Tests assume equal variances. Tests are adjusted for all 
pairwise comparisons within a row of each innermost subtable using the Bonferroni correction. 
         
  624 
Table S3. Results of univariable linear regression models regarding sow performance. The independent variables are shown alongside with the number of farms that provided data (N), the 625 
unstandardized coefficients (B) and the p values (Sig.).  In all models, Country E was used as reference country (B =0). Each column corresponds to a different dependent variable. All 626 
associations with p values <0.025 (shown in bold) were included in multivariable models. The independent variables that are denoted with an asterisk are the variables that remained in the 627 
final multivariable models.   628 
 Litter Index Replacement rate Reinseminations % (log-
scaled) 
Weaning to insemination 
interval  
N B Sig. N B Sig. N B Sig N B Sig 
Are all the gilts bred on the farm? 129 0.016 0.169 124 6.066 <0.001* 127 -0.255 0.005 118 -0.001 0.994 
Country A  -0.030 0.063  6.283   0.021 0.864  -0.012 0.955 
Country B  -0.160 >0.001  -17.123   -0.307 0.032  -0.013 0.960 
Country C  -0.048 0.004  -4.477   0.093 0.478  -0.275 0.268 
Country D  -0.052 0.002  0.800   0.124 0.332  -0.157 0.521 
Country E (ref.)  0      0     
When are the gilts inseminated for the first time (days)? 124 <0.001 0.816 119 0.115 0.047 122 -0.004 0.252 118 0.002 0.735 
Country A  -0.033 0.053  7.143 0.004  0.003 0.984  -0.047 0.838 
Country B  -0.162 <0.001  -16.161 <0.001  -0.325 0.043  0.028 0.921 
Country C  -0.045 0.009  -3.190 0.215  0.035 0.797  -0.262 0.303 
Country D  -0.049 0.005  1.353 0.587  0.066 0.626  -0.149 0.559 
Country E (ref.)  0   0   0   0  
Farm SPF for M. hyopneumoniae? 129 -0.008 0.629 124 1.649 0.493 127 -0.154 0.228 113 0.157 0.480 
Country A  -0.032 0.067  7.246 0.005  -0.057 0.676  0.048 0.837 
Country B  -0.165 <0.001  -18.456 <0.001  -0.263 0.071  0.002 0.994 
Country C  -0.048 0.007  -3.251 0.226  0.008 0.954  -0.225 0.378 
Country D  -0.052 0.004  2.403 0.362  0.016 0.908  -0.091 0.726 
Country E (ref.)  0   0   0     
Farm SPF for PRRS? 129 0.001 0.945 124 5.561 0.010* 127 -0.345 0.003* 118 -0.001 0.997 
Country A  -0.028 0.105  9.019 <0.001  -0.150 0.257  -0.013 0.957 
Country B  -0.164 <0.001  -19.812 <0.001  -0.177 0.212  -0.012 0.962 
Country C  -0.045 0.011  -2.043 0.430  -0.058 0.669  -0.276 0.278 
Country D  -0.048 0.008  4.291 0.097  -0.082 0.548  -0.157 0.545 
Country E (ref.)  0   0   0     
Farm SPF for APP ? 129 -0.002 0.908 124 3.222 0.196 127 0.147 0.272 118 0.151 0.514 
Country A  -0.030 0.089  7.844 0.002  0.057 0.675  0.043 0.856 
Country B  -0.163 <0.001  -19.516 <0.001  -0.293 0.052  -0.058 0.823 
Country C  -0.046 0.010  -2.709 0.313  0.107 0.445  -0.228 0.373 
Country D  -0.050 0.005  2.812 0.274  0.129 0.347  -0.110 0.664 
Country E (ref.)  0   0   0   0  
Sows vaccinated for Influenza? 129 0.003 0.800 124 -1.800 0.319 127 0.066 0.501 118 0.008 0.963 
Country A  -0.030 0.078  7.439 0.003  -0.026 0.844  -0.016 0.945 
Country B  -0.165 <0.001  -18.101 <0.001  -0.266 0.072  -0.015 0.954 
Country C  -0.046 0.007  -3.303 0.206  0.048 0.722  -0.277 0.266 
Country D  -0.050 0.004  2.228 0.371  0.063 0.635  -0.160 0.521 
Country E (ref.)  0   0   0   0  
Sows vaccinated for PRRS? 129 -0.004 0.749 124 -5.181 0.015 127 0.428 <0.001 118 0.193 0.324 
Country A  -0.027 0.125  8.948 <0.001  -0.193 0.135  -0.101 0.669 
Country B  -0.165 <0.001  -19.943 <0.001  -0.141 0.311  0.037 0.886 
Country C  -0.044 0.012  -1.759 0.505  -0.082 0.531  -0.327 0.193 
Country D  -0.046 0.014  4.764 0.078  -0.174 0.210  -0.271 0.312 
Country E (ref.)  0   0   0     
How old is the interior design of the units? Farrowing Unit 121 <0.001 0.691 120 -0.228 0.012 119 0.012 0.020 113 -0.007 0.454 
Country A  -0.028 0.081  7.109 0.002  -0.025 0.842  0.004 0.987 
Country B  -0.164 <0.001  -19.093 <0.001  -0.226 0.107  -0.025 0.920 
Country C  -0.054 0.004  -3.301 0.202  0.014 0.923  -0.149 0.579 
Country D  -0.047 0.006  3.262 0.170  0.041 0.751  -0.175 0.483 
Country E (ref.)  0   0   0     
How old is the interior design of the units? Insemination Unit 119 <0.001 0.713 118 -0.143 0.136 117 0.012 0.017 111 0.003 0.769 
Country A  -0.027 0.095  7.140 0.004  -0.048 0.699  -0.020 0.932 
Country B  -0.161 <0.001  -18.862 <0.001  -0.235 0.098  -0.004 0.986 
Country C  -0.052 0.006  -3.378 0.221  0.010 0.947  -0.154 0.573 
Country D  -0.049 0.005  1.811 0.479  0.085 0.518  -0.137 0.595 
Country E (ref.)  0   0   0   0  
How old is the interior design of the units? Gestation Unit 118 -0.001 0.517 117 -0.340 0.005 116 0.016 0.009 111 0.003 0.786 
Country A  -0.030 0.063  7.154 0.003  0.003 0.978  -0.030 0.894 
Country B  -0.165 <0.001  -17.773 <0.001  -0.262 0.060  -0.033 0.900 
Country C  -0.055 0.005  -1.447 0.600  -0.057 0.704  -0.181 0.512 
Country D  -0.053 0.002  1.837 0.460  0.124 0.332  -0.151 0.557 
Country E (ref.)  0   0   0   0  
Natural ventilation in gestation unit? 123 -0.048 0.002 120 -0.671 0.782 121 0.281 0.024 112 0.062 0.783 
Country A  -0.051 0.003  6.203 0.017  0.146 0.266  0.019 0.935 
Country B  -0.197 <0.001  -19.162 <0.001  -0.041 0.794  0.034 0.907 
Country C  -0.091 <0.001  -5.125 0.102  0.388 0.016  -0.062 0.839 
Country D  -0.083 <0.001  1.136 0.694  0.294 0.048  -0.111 0.693 
Country E (ref.)     0   0   0  
Are the sows in the farrowing unit fed using manual system? 127 -0.034 0.041 122 -1.655 0.508 125 0.220 0.093 116 -0.001 0.998 
Country A  -0.017 0.323  7.292 0.005  -0.101 0.451  -0.024 0.920 
Country B  -0.168 <0.001  -18.687 <0.001  -0.251 0.081  -0.024 0.925 
Country C  -0.041 0.015  -3.482 0.187  0.010 0.938  -0.287 0.256 
Country D  -0.053 0.002  1.621 0.516  0.080 0.539  -0.169 0.493 
Country E (ref.)  0   0   0   0  
How many times per day are sows fed in the farrowing unit? 126 0.018 0.033 122 0.951 0.464 124 -0.154 0.022 115 -0.057 0.656 
Country A  -0.027 0.096  6.676 0.007  0.006 0.961  -0.013 0.955 
Country B  -0.176 <0.001  -19.279 0.000  -0.125 0.404  0.032 0.906 
Country C  -0.049 0.004  -3.825 0.145  0.123 0.359  -0.227 0.376 
Country D  -0.041 0.016  2.085 0.414  0.034 0.796  -0.177 0.484 
Country E (ref.)  0      0   0  
What is the average weaning age of the piglets (in days)? 125 -0.018 <0.001* 122 -0.056 0.899 123 0.035 0.141 116 0.009 0.823 
Country A  -0.103 <0.001  6.196 0.038  0.153 0.330  0.045 0.868 
Country B  -0.094 <0.001  -18.576 0.000  -0.371 0.031  -0.027 0.929 
Country C  -0.062 <0.001  -4.007 0.126  0.106 0.440  -0.192 0.447 
Country D  -0.060 <0.001  1.717 0.494  0.111 0.403  -0.132 0.589 
Country E (ref.)  0   0   0   0  
Are weaned sows housed separately before insemination? 127 0.031 0.021* 123 3.888 0.047 125 -0.293 0.005* 116 0.041 0.831 
Country A  -0.040 0.015  5.266 0.031  0.107 0.401  -0.003 0.988 
Country B  -0.177 <0.001  -20.192 0.000  -0.127 0.382  -0.006 0.982 
Country C  -0.066 <0.001  -5.873 0.032  0.259 0.068  -0.247 0.367 
Country D  -0.064 <0.001  -0.125 0.961  0.222 0.100  -0.154 0.553 
Country E (ref.)  0   0   0   0  
Are teaser boars present in the insemination room? 126 -0.007 0.568 122 0.312 0.868 124 0.008 0.940 115 -0.117 0.513 
Country A  -0.032 0.052  6.463 0.008  0.018 0.891  -0.010 0.963 
Country B  -0.168 <0.001  -18.710 0.000  -0.233 0.116  -0.025 0.923 
Country C  -0.051 0.003  -3.709 0.162  0.129 0.352  -0.296 0.250 
Country D  -0.053 0.002  1.585 0.529  0.097 0.469  -0.158 0.520 
Country E (ref.)  0      0   0  
Is an open box group housing system used for pregnant sows? 126 0.029 0.012 123 0.614 0.614 124 -0.131 0.148 115 0.161 0.331 
Country A  -0.037 0.021  6.215 0.011  0.044 0.728  -0.025 0.912 
Country B  -0.161 <0.001  -18.647 0.000  -0.261 0.070  0.040 0.874 
Country C  -0.051 0.003  -3.883 0.137  0.137 0.314  -0.144 0.574 
Country D  -0.050 0.002  1.521 0.538  0.091 0.478  -0.132 0.586 
Country E (ref.)  0      0     
Gestation unit: Are these groups static (all in – all out)? 125 0.029 0.057 122 2.149 0.328 123 -0.133 0.277 114 0.106 0.656 
Country A  -0.031 0.052  6.428 0.007  0.015 0.903  0.010 0.963 
Country B  -0.149 <0.001  -19.276 0.000  -0.312 0.040  -0.004 0.989 
Country C  -0.051 0.003  -3.511 0.175  0.137 0.314  -0.157 0.542 
Country D  -0.046 0.006  1.888 0.440  0.071 0.585  -0.121 0.623 
Country E (ref.)  0   0   0   0  
Type of farm (piglets fattened on the farm)?  129 -0.022 0.163 124 0.362 0.883 127 0.225 0.082 118 0.235 0.298 
Country A  -0.014 0.468  7.617 0.009  -0.147 0.334  -0.190 0.477 
Country B  -0.159 <0.001  -18.259 0.000  -0.299 0.042  -0.071 0.778 
Country C  -0.033 0.078  -2.925 0.318  -0.061 0.685  -0.425 0.127 
Country D  -0.034 0.086  2.714 0.357  -0.069 0.659  -0.335 0.243 
Country E (ref.)  0   0   0   0  
Is the drinking water disinfected during the production cycle?  124 0.003 0.822 120 1.285 0.583 122 0.110 0.356 113 0.003 0.988 
Country A  -0.030 0.071  6.850 0.006  0.002 0.986  -0.032 0.887 
Country B  -0.164 <0.001  -18.643 0.000  -0.259 0.079  -0.026 0.920 
Country C  -0.047 0.014  -2.923 0.331  0.158 0.297  -0.229 0.431 
Country D  -0.047 0.008  1.812 0.478  0.081 0.550  -0.245 0.335 
Country E (ref.)  0   0   0   0  
Is a dead animal found in the pen removed immediately and 
placed in storage?  
124 -0.006 0.665 121 0.455 0.816 122 0.214 0.043 113 0.155 0.423 
Country A  -0.025 0.123  6.846 0.004  -0.045 0.719  -0.112 0.612 
Country B  -0.168 <0.001  -18.277 0.000  -0.106 0.496  0.091 0.743 
Country C  -0.054 0.002  -3.747 0.133  0.151 0.255  -0.154 0.544 
Country D  -0.046 0.008  2.667 0.273  0.025 0.847  -0.233 0.343 
Country E (ref.)  0   0   0   0  
Is a 1-week sow batch farrowing system used on the farm?  128 0.027 0.038 123 -0.448 0.828 126 0.008 0.942 117 -0.110 0.565 
Country A  -0.023 0.150  6.533 0.008  0.005 0.970  -0.036 0.871 
Country B  -0.173 <0.001  -18.434 0.000  -0.251 0.089  0.024 0.926 
Country C  -0.045 0.007  -4.307 0.111  0.106 0.432  -0.266 0.296 
Country D  -0.062 <0.001  1.945 0.461  0.078 0.574  -0.101 0.698 
Country E (ref.)  0   0   0   0  
Is genetic selection for robustness considered important in the 
replacement gilt program? 
117 -0.058 <0.001 113 5.588 0.017 115 0.248 0.065 108 0.142 0.570 
Country A  -0.067 0.001  10.317 0.000  0.159 0.308  0.071 0.799 
Country B  -0.222 <0.001  -12.988 0.000  0.000 0.999  0.130 0.717 
Country C  -0.079 <0.001  -0.426 0.879  0.219 0.182  -0.244 0.405 
Country D  -0.064 0.001  6.108 0.027  0.110 0.485  -0.249 0.391 
Country E (ref.)     0   0   0  
Is farrowing induction of sows performed?  126 0.036 0.003 123 3.019 0.109 124 -0.295 0.003* 115 0.024 0.899 
Country A  -0.037 0.018  6.029 0.013  0.066 0.588  -0.018 0.936 
Country B  -0.150 <0.001  -17.349 0.000  -0.365 0.011  -0.003 0.991 
Country C  -0.064 <0.001  -4.938 0.069  0.254 0.071  -0.089 0.748 
Country D  -0.056 <0.001  1.148 0.640  0.143 0.257  -0.163 0.502 
Country E (ref.)  0   0   0   0  
Is the manure/slurry from farrowing unit stored in a pit? 124 -0.039 0.065 121 -0.749 0.816 122 0.366 0.032 113 -0.217 0.492 
Country A  0.002 0.922  7.230 0.039  -0.289 0.115  0.161 0.628 
Country B  -0.119 <0.001  -19.251 0.000  -0.624 0.004  0.137 0.727 
Country C  -0.010 0.697  -3.047 0.443  -0.225 0.282  0.129 0.743 
Country D  -0.017 0.465  2.345 0.512  -0.219 0.246  0.025 0.943 
Country E (ref.)  0   0   0   0  
1: The natural logarithm was used to ease the interpretation of the results. The dependent variable changes by 100*(coefficient B) percent for a one unit increase in the 629 
independent variable while all other variables in the model are held constant.    630 
 631 
 632 
Table S4. Results of univariable linear regression models regarding piglet performance. The independent variables are shown alongside with the number of farms that 633 
provided data (N), the unstandardized coefficients (B) and the p values (Sig.). In all models, Country E was used as reference country (B =0). Each column corresponds to a 634 
different dependent variable. All associations with p values <0.025 (shown in bold) were included in multivariable models. The independent variables that are denoted with 635 
an asterisk are the variables that remained in the final multivariable models.   636 
 Preweaning mortality Piglet born alive per litter Piglets born dead per litter Weaned piglets per litter  
N B Sig. N B Sig. N B Sig N B Sig 
Are all the gilts bred on the farm? 125 -1.352 0.015* 121 -0.195 0.355 112 -0.124 0.080 130 0.000 0.998 
Country A  1.045 0.170  1.345 0.000  -0.013 0.890  1.118 0.000 
Country B  0.970 0.267  3.078 0.000  0.366 0.001  2.749 0.000 
Country C  1.751 0.027  0.734 0.013  -0.209 0.053  0.455 0.055 
Country D  0.814 0.328  1.452 0.000  -0.121 0.266  1.305 0.000 
Country E (ref.)  0   0   0   0  
When are the gilts inseminated for the first time (days)? 120 0.010 0.604 116 0.002 0.780 107 -0.002 0.349 125 <0.00
1 
0.988 
Country A  0.747 0.359  1.204 0.000  -0.013 0.889  1.054 0.000 
Country B  1.493 0.133  3.163 0.000  0.349 0.003  2.747 0.000 
Country C  1.643 0.047  0.718 0.015  -0.254 0.018  0.454 0.053 
Country D  0.515 0.560  1.404 0.000  -0.125 0.266  1.300 0.000 
Country E (ref.)  0   0   0   0  
Farm SPF for M. hyopneumoniae? 125 -0.241 0.758 121 -0.172 0.549 112 0.036 0.709 130 -0.072 0.753 
Country A  0.856 0.305  1.264 0.000  -0.007 0.941  1.090 0.000 
Country B  1.255 0.159  3.106 0.000  0.398 0.000  2.742 0.000 
Country C  1.498 0.078  0.646 0.037  -0.227 0.046  0.430 0.083 
Country D  0.407 0.653  1.346 0.000  -0.119 0.311  1.274 0.000 
Country E (ref.)  0   0   0   0 0.753 
Does the farm has an SPF status for PRRS? 125 -1.719 0.014* 121 0.319 0.234 112 0.133 0.141 130 0.319 0.130 
Country A  0.187 0.819  1.472 0.000  0.038 0.704  1.260 0.000 
Country B  1.633 0.064  3.056 0.000  0.367 0.001  2.683 0.000 
Country C  0.971 0.237  0.821 0.008  -0.187 0.097  0.581 0.019 
Country D  -0.294 0.739  1.583 0.000  -0.065 0.581  1.456 0.000 
Country E (ref.)  0   0   0   0  
Does the farm has an SPF status for APP ? 125 0.473 0.564 121 0.045 0.887 112 0.016 0.877 130 0.041 0.863 
Country A  1.122 0.178  1.347 0.000  -0.016 0.875  1.133 0.000 
Country B  1.133 0.218  3.108 0.000  0.390 0.001  2.736 0.000 
Country C  1.734 0.041  0.720 0.021  -0.235 0.037  0.468 0.059 
Country D  0.659 0.455  1.435 0.000  -0.128 0.268  1.318 0.000 
Country E (ref.)  0   0   0   0  
Are the sows vaccinated against Influenza? 125 -0.652 0.277 121 -0.044 0.845 112 -0.053 0.486 130 0.158 0.356 
Country A  1.243 0.130  1.351 0.000  0.002 0.980  1.047 0.000 
Country B  1.451 0.107  3.134 0.000  0.408 0.000  2.706 0.000 
Country C  1.711 0.035  0.715 0.017  -0.225 0.041  0.417 0.079 
Country D  0.710 0.409  1.430 0.000  -0.120 0.278  1.260 0.000 
Country E (ref.)  0   0   0   0  
Are the sows vaccinated against PRRS? 125 0.331 0.624 121 -0.527 0.036 112 -0.205 0.016 130 -0.217 -0.608 
Country A  0.798 0.340  1.572 0.000  0.073 0.457  1.217 0.738 
Country B  1.361 0.132  2.989 0.000  0.342 0.001  2.694 2.177 
Country C  1.476 0.076  0.879 0.004  -0.182 0.091  0.532 0.052 
Country D  0.315 0.735  1.754 0.000  -0.003 0.978  1.434 0.919 
Country E (ref.)  0   0   0   0  
How old is the interior design of the units? Farrowing Unit 117 -0.003 0.916 114 -0.036 0.002 107 -0.003 0.486 122 -0.022 0.016 
Country A  0.958 0.225  1.417 0.000  -0.015 0.871  1.170 0.000 
Country B  1.270 0.157  3.053 0.000  0.389 0.000  2.707 0.000 
Country C  1.213 0.176  0.656 0.037  -0.182 0.119  0.410 0.110 
Country D  0.487 0.575  1.421 0.000  -0.135 0.221  1.338 0.000 
Country E (ref.)  0   0   0   0  
How old is the interior design of the units? Insemination Unit 115 -0.018 0.570 113 -0.030 0.018 107 0.003 0.476 120 -0.011 0.233 
Country A  1.042 0.196  1.439 0.000  -0.024 0.794  1.167 0.000 
Country B  1.269 0.162  3.064 0.000  0.407 0.000  2.737 0.000 
Country C  1.246 0.169  0.636 0.048  -0.177 0.130  0.408 0.123 
Country D  0.504 0.572  1.372 0.000  -0.120 0.271  1.299 0.000 
Country E (ref.)  0   0   0   0  
How old is the interior design of the units? Gestation Unit 114 -0.071 0.078 112 -0.044 0.003 107 -6.000 0.200 119 -0.026 0.026 
Country A  1.137 0.149  1.373 0.000  -0.023 0.803  1.136 0.000 
Country B  1.524 0.091  3.201 0.000  0.398 0.000  2.789 0.000 
Country C  1.726 0.063  0.644 0.045  -0.174 0.137  0.491 0.068 
Country D  0.624 0.477  1.341 0.000  -0.148 0.168  1.269 0.000 
Country E (ref.)  0   0   0   0  
Natural ventilation in gestation unit? 119 0.818 0.282 115 -0.977 0.001 107 -0.179 0.056 124 -0.796 <0.001* 
Country A  1.217 0.133  0.909 0.003  -0.104 0.279  0.795 0.001 
Country B  1.732 0.076  2.475 0.000  0.271 0.021  2.243 0.000 
Country C  2.633 0.007  -0.013 0.971  -0.330 0.010  -0.109 0.693 
Country D  0.971 0.302  0.718 0.060  -0.267 0.030  0.786 0.003 
Country E (ref.)  0   0   0   0  
Are the sows in the farrowing unit fed using manual system? 123 -0.098 0.903 119 -0.597 0.041 110 -0.055 0.590 128 -0.445 0.056 
Country A  0.822 0.330  1.510 0.000  -0.001 0.994  1.292 0.000 
Country B  1.104 0.221  3.024 0.000  0.389 0.000  2.716 0.000 
Country C  1.432 0.083  0.745 0.012  -0.232 0.036  0.529 0.027 
Country D  0.337 0.695  1.320 0.000  -0.139 0.216  1.272 0.000 
Country E (ref.)  0   0   0   0  
How many times per day are sows fed in the farrowing unit? 122 0.357 0.357 118 0.276 0.073 109 -0.002 0.976 127 0.266 0.027 
Country A  0.730 0.353  1.318 0.000  -0.018 0.850  1.153 0.000 
Country B  1.359 0.148  2.894 0.000  0.399 0.000  2.576 0.000 
Country C  1.550 0.060  0.646 0.031  -0.188 0.088  0.419 0.078 
Country D  0.147 0.866  1.470 0.000  -0.130 0.239  1.426 0.000 
Country E (ref.)  0   0   0   0  
What is the average weaning age of the piglets (in days)? 122 0.139 0.338 117 -0.071 0.193 109 0.004 0.806 126 -0.072 0.093 
Country A  1.401 0.148  1.015 0.005  -0.010 0.930  0.828 0.004 
Country B  0.640 0.543  3.363 0.000  0.371 0.004  3.017 0.000 
Country C  1.355 0.102  0.661 0.030  -0.219 0.049  0.462 0.057 
Country D  0.470 0.580  1.340 0.000  -0.119 0.292  1.281 0.000 
Country E (ref.)  0   0   0   0  
Are weaned sows housed separately before insemination? 123 -0.410 0.533 119 0.512 0.037 110 0.030 0.703 128 0.317 0.093 
Country A  0.982 0.224  1.136 0.000  -0.036 0.700  1.010 0.000 
Country B  1.335 0.148  2.895 0.000  0.377 0.001  2.621 0.000 
Country C  1.846 0.037  0.396 0.213  -0.212 0.066  0.250 0.326 
Country D  0.600 0.503  1.142 0.002  -0.154 0.180  1.157 0.000 
Country E (ref.)  0   0   0   0  
Are teaser boars present in the insemination room? 122 -1.126 0.073 118 -0.273 0.249 109 0.016 0.834 127 -0.022 0.901 
Country A  0.669 0.390  1.249 0.000  -0.024 0.792  1.104 0.000 
Country B  0.858 0.339  3.006 0.000  0.393 0.000  2.732 0.000 
Country C  1.690 0.040  0.636 0.036  -0.192 0.086  0.379 0.119 
Country D  0.216 0.798  1.288 0.000  -0.133 0.241  1.289 0.000 
Country E (ref.)  0   0   0   0  
Is an open box group housing system used for pregnant sows? 122 -0.759 0.181 118 0.405 0.060 109 0.040 0.575 127 0.433 0.008* 
Country A  1.015 0.195  1.209 0.000  -0.036 0.700  1.017 0.000 
Country B  1.038 0.243  3.162 0.000  0.396 0.000  2.821 0.000 
Country C  1.355 0.101  0.722 0.017  -0.159 0.153  0.525 0.029 
Country D  0.421 0.615  1.394 0.000  -0.136 0.209  1.307 0.000 
Country E (ref.)  0   0   0   0  
Gestation unit: Are these groups static (all in – all out)? 121 -1.036 0.171 117 0.215 0.472 108 0.062 0.531 126 0.261 0.225 
Country A  0.846 0.272  1.296 0.000  -0.027 0.768  1.110 0.000 
Country B  0.587 0.528  3.181 0.000  0.442 0.000  2.886 0.000 
Country C  1.274 0.125  0.691 0.026  -0.155 0.165  0.486 0.048 
Country D  0.283 0.736  1.395 0.000  -0.136 0.206  1.341 0.000 
Country E (ref.)  0   0   0   0  
Type of farm (piglets fattened on the farm)?  125 0.469 0.545 121 -0.613 0.030 112 -0.237 0.011* 130 -0.296 0.200 
Country A  0.211 0.930  1.813 0.000  0.176 0.105  1.316 0.000 
Country B  1.031 0.893  3.283 0.000  0.460 0.000  2.815 0.000 
Country C  0.975 0.901  1.104 0.001  -0.078 0.497  0.617 0.021 
Country D  -0.230 0.985  1.901 0.000  0.063 0.602  1.502 0.000 
Country E (ref.)  0   0   0   0  
Is the drinking water disinfected during the production cycle?  120 1.721 0.023 116 0.279 0.315 107 0.014 0.884 125 0.091 0.669 
Country A  0.960 0.216  1.355 0.000  0.004 0.968  1.152 0.000 
Country B  1.137 0.195  3.083 0.000  0.388 0.000  2.723 0.000 
Country C  2.479 0.008  0.844 0.014  -0.210 0.093  0.511 0.057 
Country D  0.906 0.291  1.430 0.000  -0.086 0.448  1.275 0.000 
Country E (ref.)  0   0   0   0  
Is a dead animal found in the pen removed immediately and 
placed in storage?  
120 -0.863 0.200 117 -0.079 0.751 107 -0.184 0.028 125 0.018 0.925 
Country A  0.859 0.279  1.347 0.000  -0.003 0.975  1.137 0.000 
Country B  0.701 0.479  3.069 0.000  0.272 0.020  2.761 0.000 
Country C  1.524 0.065  0.681 0.024  -0.210 0.057  0.447 0.061 
Country D  0.678 0.435  1.440 0.000  -0.088 0.423  1.279 0.000 
Country E (ref.)  0   0   0   0  
Is a 1-week sow batch farrowing system used on the farm?  120 0.240 0.719 120 -0.341 0.162 111 -0.024 0.762 129 -0.164 0.381 
Country A  1.002 0.207  1.257 0.000  -0.026 0.779  1.083 0.000 
Country B  1.198 0.192  3.234 0.000  0.402 0.000  2.802 0.000 
Country C  1.616 0.053  0.688 0.021  -0.246 0.028  0.459 0.056 
Country D  0.387 0.671  1.604 0.000  -0.122 0.295  1.384 0.000 
Country E (ref.)  0      0   0  
Is genetic selection for robustness considered important in the 
replacement gilt program? 
114 -1.460 0.071 112 -0.808 0.008* 102 -0.158 0.137 118 -0.481 0.037 
Country A  0.021 0.982  0.859 0.014  -0.091 0.426  0.866 0.002 
Country B  -0.183 0.877  2.314 0.000  0.237 0.114  2.268 0.000 
Country C  0.658 0.484  0.212 0.547  -0.341 0.009  0.148 0.598 
Country D  0.197 0.839  1.167 0.005  -0.083 0.545  1.157 0.000 
Country E (ref.)     0   0   0  
Is farrowing induction of sows performed?  122 -0.373 0.555 118 0.634 0.006 110 0.100 0.190 127 0.480 0.005 
Country A  1.029 0.192  1.196 0.000  -0.043 0.639  1.016  
Country B  1.130 0.219  3.372 0.000  0.434 0.000  2.938  
Country C  1.778 0.043  0.293 0.335  -0.202 0.075  0.120  
Country D  0.594 0.487  1.272 0.000  -0.151 0.160  1.206  
Country E (ref.)  0   0   0   0  
Is the manure/slurry from farrowing unit stored in a pit? 120 1.096 0.331 116 -0.295 0.474 108 0.095 0.449 125 -0.256 0.396 
Country A  0.077 0.948  1.566 0.000  -0.097 0.470  1.322 0.000 
Country B  0.138 0.921  3.497 0.000  0.348 0.030  3.094 0.000 
Country C  0.590 0.660  0.844 0.085  -0.251 0.119  0.564 0.126 
Country D  -0.416 0.743  1.659 0.001  -0.205 0.150  1.514 0.000 
Country E (ref.)  0   0   0   0  
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